does not seem to significantly alter the surface activity of the material under in vitro conditions. However, the SP-B and SP-C knock-out animals show higher susceptibility to bacterial infections, also in such cases other lung diseases can develop. Available literature reports suggest that SP-C-KO mice become susceptible to pathogenic challenges, since the protein can bind and may sequester bacterial lipopolysaccharides LPS 2 . These animals may develop conditions linked to interstitial lung disease ILD and idiopathic interstitial pneumonia 3 . The studies have brought about a paradigm shift in the understanding of the complex nature of the surface active agent at the lung air-water interface, and possible roles of the hydrophobic proteins in vivo beyond surface activity is not unwarranted, especially in the light of the knock-out studies. The hydrophobic proteins of LS from most mammalian species are highly conserved 4 . SP-B has structural homology with saposins which belong to the ameophore superfamily 5 . The amphipathic helices of SP-B favourites association with lipid headgroups of the membrane bilayer 1, 6 and especially with the charged phospholipids such as phosphatidylglycerol PG , found in a number of bacterial species as well as in significant amounts in LS, not in any other eukaryotic membranes 7 . SP-B-PG interactions induce fusion of bilayer membranes 8 , although the implication of such fusogenic properties have been attributed to extracelluar transformations of LS into specific morphological forms, viz., tubular myelin formation 9 . Highly hydrophobic SP-C is an acylated lipo-peptide with one or two palmitoyl fatty acids attached to its terminal cysteines, and can fit into the bilayer membranes as trans-membrane protein and antibiotic peptide 10 .
Dimeric form of SP-C can form porin type structures in bilayer membranes 11 .
Various pulmonary diseases occur either due to insufficient LS, or inhibition of the surfactant function by proteins, other than the SPs e.g., serum proteins . Insufficient secretion of LS in neonates cause respiratory distress syndrome RDS in preterm infants, and acute-RDS ARDS in adults develop due to the inhibition of LS by leaked haematological materials into the alveolar airspaces 12 . Dysfunction of the LS systems have been shown to be related to diseases such as cystic fibrosis, pneumonia, chronic bronchitis, and others which occur because of acquired immune deficiency syndrome AIDS 13 . Pulmonary inflammation also is an important factor in the patho-physiology of surfactant dysfunction. Inflammation may occur due to alveolar epithelial contact with bacterial antigens, allergens, inhaled or aspirated agents. Microorganisms can also cause multiple types of lung and connatal infections such as that found in pneumonia and in the early onset of neonatal septicemia. Group B Streptococci GBS , Staphylococcus aureus and Escherichia coli are often involved in this connatal infection. Enterococcus, Pseudomonas aeruginosa and Haemophilus influenzae lead to specific type of infections in adults 14 . Lung lavage fluids as well as some exogenous surfactants show contradictory bactericidal effects against certain bacterial species Group-B Streptococci while not the others E. coli and S. aureus . SP-A and SP-D, the large 400 kDa hydrophilic glycoproteins of the lectin superfamily, bind pathogens via their carbohydrate recognition domains for presentation to lung macrophages. However, they are removed from all exogenous and semi-synthetic preparations used for clinical therapy in RDS and ARDS. Most replacement surfactants, although contain SP-B and SP-C, not only enhance surface activity of LS lipids as such roles are laboratory assigned from in vitro studies 15 , but also removed inhibition of LS activity caused to serum protein in ARDS type situation 16 .
The smaller hydrophobic SP-B 17.4 kDa dimer and SP-C 4.2 kDa, acylated monomer may have some yet unknown functions beyond surface activity as some unique properties of these are being discovered. Studies have shown that SP-C can bind to specific bacterial phospholipids 17 , and exhibit cationic channel activity when inserted in planar surfactant lipid bilayer 18 . SP-B also shares structural homology to a number of pore forming proteins and has been classified to belong to the ameobapore superfamily of proteins 19 . Previous study reported possible mechanism of biophysical interaction leading to inactivation of the LS 20 .
In addition, a number of systematic studies suggest that natural or semi-synthetic exogenous surfactants consisting SP-B/-C influence proliferation of certain bacteria 21, 22 .
However, in case of in vivo studies, where the clinical surfactant and a thousandfold increase of bacteria was instilled directly in the lungs, the replacement of surfactant exhibited bactericidal effect 23 . To the best of our knowledge, in vitro studies on the bactericidal effects of SP-B/-C are not abundant in the literature. However, in a recent study, the exact mode of the antimicrobial peptides AMPs has been enlightened that suggests peptides induce membrane stress leading to lethal disruption of the cell membrane 24 . The outer membrane proteins are essential for bacterial survival and its play an important role to trigger specific immunological responses 25 . Therefore, we have performed a detailed in silico analysis of the LS proteins and their peptide mimics to predict its functionality and mode of action before going into the in-depth in vitro study. The backbone stability is an important property of any AMPs to cast a long shadow on host immune system 26 . Thus, we have performed the molecular dynamic simulation of the LS proteins and their mimics in cubic water box followed by protein-protein interaction PPI study using ambiguous docking algorithms.
In the present study, the influence of a clinically used bovine lipid extract surfactant BLES , which contains the normal amount of LS lipids and SP-B and SP-C as in most lavaged mammalian surfactant, on the proliferation of E. coli gram-negative bacteria and S. aureus gram-positive bacteria have been reported. Both the species are known for the early onset of neonatal infection and diseases 27 .
Earlier studies failed to conclude whether the lipids and/or the SP-B/-C of LS had any specific effects on bacteria. Thus the model LS componential mixtures of dipalmitoylphsophatidylcholine DPPC , DPPC palmitooleylphosphatidylglycerol POPG mixture with different amounts of SP-B, SP-C, and their peptide mimics SP-B1-25 and SP-C ff were also explored 28 . Dose dependent response of different concentration ranges used previously by others, 5-20 mg/ mL; as well as smaller amounts, 0.1-7 mg/mL , LS containing the hydrophobic proteins were studied separately. Previous studies 29 have shown that different types of antibiotics and peptides are inhibitory to bacterial species over a narrow concentration range considered as an antibiotic resistance linked to complex proliferation and growth cycles of bacteria controlled at the genetic level 30 . The paradoxi- 32 .
Primary structures of the peptides, used in the present set of studies, are shown in Fig. 1 .
Bacterial Strains and Culture Condition
The Escherichia coli ATCC 25250 and Staphylococcus aureus ATCC 6020 strains were stored at 5 in tyrptic soy agar TSA containing a solution of pancreatic digest of casein 15 g/L, enzymatic digest of soybean meal 5 g/L, sodium chloride 5 g/L and agar 15 g/L Merck, USA . Before use, one colony of bacteria was transferred to 5 mL tryptic soy broth TSB composed of the following: pancreatic digest of casein 17.0 g/L, enzymatic digest of soybean meal 3.0 g/L, dextrose 2.5 g/L, sodium chloride 5.0 g/L, and potassium phosphate 2.5 g/L, and was cultured for 24 hours at 37 . Bacterial suspensions were diluted to desired concentration by measurements of the optical density of the suspensions at 600 nm using a spectrophotometer UV 260, Shimadzu, Japan with reference to standard values established by a ten-fold dilutions of the suspension on TSA plates. Purity of the working culture was determined by gram staining 33 .
Bacterial Growth in Surfactant
Effect of different BLES and model surfactant concentration on the in vitro bacterial growth were determined by incubation of 0.2 mL of the bacterial working culture with 2 mL TSB and surfactant. To adjust the dilution of samples to the same final volume desired amount of saline 0.85 NaCl were added. For E. coli, the surfactant concentration was in the range of 0 to 2 mg/mL and for S. aureus it was 0 -7.5 mg/mL. These concentrations were chosen since it was found that above these concentrations, BLES actually enhanced the growth of both species of bacteria like the previous studies of Rauprich et al. 34 where 5-20 mg/mL of different replacement surfactant preparations were used. Bacteria-surfactant mixtures were incubated for 24 h at 37 , and the resultant samples were serially diluted tenfold with saline. From the 10 6 dilution for each sample, 100 μL aliquots were spread onto TSA plates for three times. The number of colonies after incubation was counted, and the colony forming units CFU per millilitre in the original sample were calculated according to standard microbiological methods discussed elsewhere 35 .
Homology Modelling and Structure Validation
The three-dimensional structure of the hydrophobic lung surfactant proteins and their peptide mimics were constructed using MODELLER 9.19validation using PROCHECK 37 .
Molecular Dynamics Simulation
The MD simulation of SP-B/C and their peptide mimics were performed using GROMACS 5.1 38 . The Pdb2gmx was used to achieve GROMACS file from protein. The initial protein structure for the simulation was processed using OPLS-AA/L all-atom force field 39 and solvated in a cubic box with SPC water molecules maintaining the size at least 2.0 nm from all atoms as final. To neutralize the net charge on the protein required Cl ions were added to the cubic water box. The neutralized system was further subjected to energy minimization to remove the irregular torsions, and the process was carried out through the steepest descent minimization algorithm for 50000 steps using 1000 kJ/mol/nm as the maximum force. The two steps equilibration, NVT and NPT were performed for 100 ps before final MD run. The MD simulation was performed for 1000 ps. The graphs obtained were analyzed using xmgrace and the trajectory files were visualized using VMD 1.9.3 40 .
Protein-Protein Interaction
The cell surface protein isdA 2o1a , isdC 2q8q of Staphylococcus aureus and β-barrel OM proteins bamA 5ekq , lptD 4rhb of Escherichia coli were taken into account to perform protein-protein interaction PPI with LS proteins and their peptide mimics. The PatchDock 41 , FireDock 42 and ClasPro algorithm 43 were chosen for PPI study. The best interactive models were visualized using PyMOL 44 . 
Preparation of Model Surfactant Lipid-Hydrophobic
Protein/Peptide Dispersions. Stock solutions of model surfactants MS were prepared with desired amount of DPPC or DPPC:POPG in a 7:3 W/ W ratio dissolved in chloroform-methanol 3:1, V/V . SP-B and/or SP-C was dissolved in the same solvent and added to the lipid stock solution at 2-8 wt to prepare MS preparations of composition close to those of BLES 45 . In case of peptide incorporation into the MS, the SP-B 1-25 peptide at 4 wt and the SP-C ff solution were separately added to the DPPC: POPG stock. Details of the peptide synthesis, and methods used to determine accurate concentrations are discussed elsewhere 46 . The samples were dried under a stream nitrogen gas and were then placed in a vacuum dessicator overnight to remove any traces of solvent. Dried film was then placed under UV light for 20 min to prevent growth of any other possible micro-organisms. Subsequently, the dried material was incubated with 0.9 saline, heated to 40 , and vortexed for 5 min to produce multilamellar dispersion of model surfactant 47 . Final concentration of the MS dispersions were made close to those of BLES stock solution 27 mg/mL . Transmission electron microscopic TEM studies were performed on these dispersions to check for any microbial growth as well as the typical multi-lamellar vesicular dispersions expected from such sample preparations as those for BLES discussed above. Also the MS dispersions were used to a streak plating at 37 for 24 h to suggest any microbial growth, before performance of TEM considered to be the marker of any microbial contamination during sample preparation.
2.8 Transmission/Scanning Electron TEM/SEM and Atomic Force Microscopic AFM Studies To gain further insight into the surfactant-bacterial interactions, transmission electron microscopic studies were performed on the BLES, and BLES with bacterial suspension. This was performed from portions of the diluted samples following a 24 h incubation period at 37 with medium containing 2.0 mL TSB, 2.0 mL BLES and 0.5 mL bacterial culture, used for CFU counts. Control cultures without BLES, 4.0 mL TSB and 0.5 mL bacterial suspension were also incubated and prepared for TEM studies 48 .
The samples for TEM studies were fixed with 4 glutaraldehyde solution, followed by further staining with 6 osmium tetraoxide. Following 12 h incubation in the fixative, the samples were pelleted and dehydrated by dilution graded ethanol of 50, 70, 95 and 100 . The dehydrated samples were embedded in EPON812 embedding resin and sectioned into 90-100 nm thin sections via a Reichert Microtome. Finally, uranium acetate and lead citrate stains were applied and the specimens were examined under a Zeiss EM109 TEM and micrographs obtained for at least for five different incubate sections at different magnifications.
SEM studies on the vacuum dried samples were performed using scanning electron microscope FEI Quanta-200 MK2, Oregon, USA . Dried samples were coated with gold by conventional sputtering technique using a gold coater 49 .
AFM studies were performed on the bacteria-surfactant suspensions placed on freshly cleaved mica substrate to image any surface of outer membrane morphological changes induced by surfactant on the bacteria. The samples were fixed using same methods as with glutraldehyde fixative, without staining 50 . AFM images of the samples were obtained in contact mode imaging on a Nanoscope IIIa Scanning Probe Microscope Digital Instruments, CA using silicon nitride 20 nm tips. Line section and three dimensional surface topography images were obtained for these samples using the AFM software to suggest any change of surface topology of the outer membranes of the bacteria with and without surfactant.
Data Analysis
All the experiments were performed at least nine times with BLES and independent batches of the bacterial species, and three times with the MS containing hydrophobic proteins and their peptide mimics due to the limited availability of the peptides. The CFU counts were normalized from bacterial growth in TSB being used as 100 compared to those with surfactant preparations, and displayed by the mean of the data with standard deviations. The statistical significance was compared using a student t-test on the original CFU values as previously performed by others 51 . No further detailed statistical analysis could be performed due to the smaller number of experiments that was possible with the MS preparations containing the hydrophobic peptides, and to obtain a reasonable comparison of the data between the MS preparations and those of BLES. Figure 2 displays the effects of the BLES TM on the in vitro growth of E. coli A and S. aureus B . Growth of both the bacterial strains were significantly decreased in presence of BLES by about 40-60 compared to the control experiment. E. coli growth inhibitionby BLES was studied up to 2 mg/mL, and in case of S. aureus growth was inhibited up to the concentration of 0.0 to 7.5 mg/mL of BLES. These concentrations were in accordance with the previous studies 52 where it was observed that above 10 mg/mL of different surfactant preparations bacterial growth for both species were in fact enhanced instead of growth inhibition. Although the growth inhibition of the bacterial species did not show any general trend of dose dependence upon BLES, the final concentrations of the surfactant were found to be quite replicative within the limits of 1 mg/mL of BLES. Fig. 1 . Furthermore, the characteristics obtained from best PPI study Table S1 , supplementary section reveal a possible mode of action of the LS proteins and their peptide mimics. In addition, the docking topology and atomic contact energy ACE of the LS proteins and their peptide mimics suggest a clear contact with membrane surface proteins Fig. 3 . However, the characteristics obtained from Firedock algorithm suggest that the wild-type SP-B have little expensive interaction with bamA and lptD but the ClasPro balanced weighted energy scores indicate a favorable interaction with different binding topology
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Figs. 4 and S1 . Moreover, the PPI between variant SP-C ff with bamA suggests an excellent binding interaction Table  S1 inside the loop 1 of the bamA Fig. 4 . 3.3 Transmission/Scanning Electron Microscopy TEM and Atomic Force Microscopic AFM Studies Scanning electron micrographs of E. coli in the absence panels A and C and presence panels B and D of BLES at 2.0 mg/mL are shown in Fig. 5 . The preparations of S. aureus with and without BLES at 7 mg/mL are shown in panels E and F of Fig. 5 , respectively. At low magnifications, no distinct differences in the bacterial dispersions were noticed B , other than the smaller number of the bacteria present and remnants of BLES vesicular dispersions, seen in the sample. At higher magnification C and D , however, in some cases large batches of E. coli were found to show intact double membranes and a clear cytoplasm C without surfactant, compared to those with BLES D . In case of those with BLES, the double membranes were found to be more smeared as well as the bacterial interior were found to be well stained. As osmium tetraoxide is a stain for lipids, it can be safely presumed from these images that the lipid rich BLES was somehow being incorporated in the cytoplasm of the bacteria. Figure 6 describes the combined TEM panels A, B and AFM panels C, D images for S. auerus. The single membrane for the species was clearly visible for samples with TSB alone panel A and BLES treated panel B provide the evidence for disrupted cell membrane which resulted in the leaky bio-membranes, leading to eventual death of the cell. In addition, the reduced number of the single membrane for the species also depicted from the TEM study. However, in the presence of BLES almost in all samples examined, the membranes were found to be ruptured arrow marks in 6D . Smoothness of the intact cell surface was suggested by the AFM study Fig. 6C . Results suggest that BLES could significantly affect the outer single bilayer membranes of S. aureus, more profoundly than E. coli. Smearing of the E. coli membranes are also indicative of surfactant interactions with this bacterial species. Figure 7 shows the growth of S. aureus in different concentrations of DPPC/POPG A and hydrophobic LS mimetic peptides incorporated in model liposome B and C which were also present in the BLES TM experiments. No significant decrease in the bacterial growth was apparent compared to the growth without DPPC data not shown . Incubation of S. aureus in DPPC/POPG resulted in a mild increase of growth compared to the growth without these lipids. It could, therefore, be concluded that the lipids are not the components in BLES TM which are responsible for the inhibitory effect on the growth of S. aureus.
Effects of DPPC and DPPC/POPG on the growth of Staphylococcus aureus
Effects of SP-B and SP-C on the growth of Escherichia coli
Incubation of E. coli in DPPC/POPG with 8 wt SP-B demonstrated decreased viability of the bacteria compared to the incubation in TSB alone. Results, as graphically shown in Fig. 8 , suggest that there occurred significant decrease in the growth of the bacterial colony in presence of the synthetic peptides. In the presence of DPPC/POPG with 8 wt SP-C the growth of E. coli resulted in a similar growth pattern. A remarkable decrease is apparent over the whole used concentration range Fig. 8B .
Discussion
The major objective of this study was to examine the effect of lung surfactant on the proliferation of gram-negative and gram-positive bacteria, where the specific components of surfactant involved in inhibitions of the species were explored in vitro and in silico. The results depicted by the in vitro study are also in agreement with PPI study 53 . Therefore, we also look through such way to predict the possible mechanism of action of the LS peptides and their peptides mimics. In the previous study, it has been reported that isdA, a cell surface receptor protein indulge in iron acquisition, confers resistance to bactericidal activity and antibodies active specifically against isdA enhanced killing of S. aureus 25 .
This surface receptor gene cluster acts by employing isdH, isdB, isdA expressed outside of the rigid cell wall followed by isdC, isdE and isdF attached to the cell membrane and isdA and isdC are juxtaposed. As indicated by PPI study SP-B/-C and their peptide mimics pose strong binding affinity with isdA and isdC Fig. 3 and Table S1 . Therefore, we speculate that disruption of the outer surface by the LS peptides and their mimics eventually occurs by inhibiting isdA and isdC which further enhanced the killing of the bacteria. Likewise, in E. coli the β-barrel OM proteins bamA and lptD have previously been reported to be involved in the peptide JB-95 induced OM stress response leading to lethal disruption of the OM through direct inhibition of Bam folding 24 . The results obtained from PPI study Fig. 4 demonstrate that Wild-type SP-B and Variant SP-C ff bind loop1 to bamA with a strong binding affinity Table  S1 . More to the point, wild type and peptide mimics of the SP-B/-C bind with the inner core of the β-barrel OM proteins lptD Fig. 3 . Therefore, we also speculate that it may trigger OM stress resulting lethal disruption of the OM. The emergence of multi-drug resistant superbugs and subsequent failure of the conventional antimicrobial drug is mostly related to the surface properties of the cell 54 .
The SEM. TEM, AFM Figs. 5 and 6 combined study support the possible intrusion of the hydrophobic LS peptide and their mimics by disabling selective permeability of the cell. Moreover, the ambiguous PPI study confers a possible interaction of the LS peptides and their mimics with cell surface protein molecules essential for bacterial survival. Thus, combining the microscopic and PPI study it may be concluded that the hydrophobic LS-peptides and their mimetic copies have bacterial activities. In addition to the PPI study, the MD simulation depicts minimal fluctuation of gyration radius in total and around the axis Fig. 2 of the LS proteins and their mimics indicating they have quite a stable backbone at them. The backbone stability is a prerequisite for novel antibacterial peptide for therapeutic use 26 . It further validates the PPI and their characteristic suggesting LS proteins and their peptide mimics could be used in future therapeutics. Results clearly suggest that the hydrophobic surfactant proteins exhibit substantial anti-microbial activities up to certain level. For both E. coli and S. aureus, decrease in the growth or proliferation of bacterial cells to a modest value of 50 was observed with BLES in comparison to the systems without the surfactant. According to the previous reports, lung lavage consisting the lectins SP-A and SP-D can cause sub-lethal damage of E. coli 55 . A recent work was suggested pro-inflammatory and anti-inflammatory roles for SP-A/-D that is supposed to be involved in potential damage by pathogens and allergens 20 . However, a prior study suggests SP-B/-C confer relatively low immunity compared to SP-A/-D 56 . Bacterial cells became susceptible to death by anionic detergent in the presence of lung lavage. At least 70 reduction of the microbial counts on deoxycholate agar was reported 57 .
However, for Survanta, a natural modified surfactant similar or close to the composition of BLES, can actually accelerate the growth of E. coli 48, 58 . Although in these studies various clinical preparations and concentrations were used against an arsenal of bacterial species, these studies have however suggested that surfactant preparations with the hydrophobic proteins Survanta tend to perform better than those without the proteins Exosurf in inhibiting proliferation of certain species of bacteria 34 . S.
aureus can use the lipids as nutrients, because it is capable of producing enzymes such as phospholipase that can degrade lipids and make them accessible as nutrients 59 . Because the lipids are not responsible for the inhibitory effect of BLES TM , effects of the surfactant protein B
and C on the in vitro growth of E. coli were also investigated. Both the proteins exhibited distinct inhibitory effects on the proliferation of E. coli Fig. 8 . SP-B is a di- sulphide-linked homodimer comprising two polypeptide chains with 79 residues each. It is a cationic protein and the native SP-B protein has a net charge of 8 10 cationic and 2 anionic residues , a large fraction of strongly hydrophobic residues, and four amphipathic helical segments with the helical axes oriented parallel to the interface 60 .
The SP-B monomer contains seven cysteine residues, of which six form intramolecular disulphide bonds. Cysteine seven forms an intermolecular disulphide bridge, which is responsible for the dimerization of two SP-B monomers 19 .
SP-B belongs to the amoebapore superfamily. Most of the proteins that comprise this superfamily contain six conserved cysteine residues, which can form three disulphide bridges. Structurally, they belong to the family of saposin like proteins SAPLIPS , and a common property of these proteins is their ability to interact with lipids. They also have common functional features to possess antibacterial activities. Primarily they are capable of permeating through the membranes pore formation after binding to phospholipids, and hence their activities do not depend on the interaction with a specific receptor 61 . Antibacterial activity and cytotoxicity to tumor cells have been reported for NKlysine and other amoebapores 11 . They can generate pores in the outer membrane OM of gram-negative bacterial cells; subsequently they can pass through the OM in reaching to the inner membrane. This is the plausible mechanism for killing the gram-negative bacteria, because the formation of pores in the OM is not primary criterion to kill the bacteria 62 . Structural similarity between SP-B and the positive charge of this molecule suggest that it can act in the same way as antimicrobial agent. It is known that SP-B induces the immune response via the airways. When SP-B containing antigen vesicles were instilled in the trachea of mice, a systemic immune response was induced 17 . Elevated levels of SP-B in the airspaces of transgenic mice were associated with decreased inflammation following exposure to endotoxins. Therefore, it could be proposed that SP-B is an important factor in the defence of infections in the lung, because it is known that SP-B deficiency is present after infections with bacteria and viruses, or treatment of mice with endotoxins 63 . Incubation of E. coli with SP-C also shows a significant decrease of the growth compared to the growth without SP-C Fig. 8D . SP-C is more hydrophobic than SP-B as it contains more than 70 non-polar residues and carries covalently linked fatty acyl chains. It is a 35-residue peptide chain with two thioester-linked palmitoyl groups. Primary structure of SP-C is evolutionarily conserved and it appears to be the only constituent, unique to pulmonary surfactant. SP-C has a regular α-helical structure which is amphiphilic, where the Lys-Arg pair at positions 11 and 12 present positive charges and polar side chains and the poly-valyl helix exposes an extended and nearly uniform lipophilic surface 19 . SP-C is able to bind to lipopolysaccharide LPS , one of the major components of the outer membrane of gram-negative bacteria 64 . It binds to the lipid A part of the LPS, which is the hydrophobic anchor of the whole LPS molecule. Chemically, lipid A is a glucosamine-based phospholipid which is glycosylated with a non-repeating oligosaccharide, designated the core. The eight-carbon sugar, 3-deoxy-D-manno-oct-2-ulosonic acid KDO is linked directly to lipid A. The lipid A with the KDO disaccharide is essential for the growth of E. coli. Both, the lipid A and the KDO disaccharide, bear negative charges. The lipid character and the anionic charges of lipid A make it a potential target for cationic and hydrophobic drugs such as polymyxin 65 . Thus it is not unexpected that there would be strong interaction between the LPS and SP-C. The mechanism by which SP-C acts on the outer membrane is not clear, but as it is able to bind to the LPS, it could destroy the ordered structure of the outer leaflet of the outer membrane. The outer leaflet is stabilized by divalent cations such as Mg 2 and Ca 2 . Removal of the divalent cations by other cationic molecules induce the release of the LPS from the bacterial surface and render the cells permeable to hydrophobic organic compounds 65 .
As a result, SP-C can enter into the bacterial cell and can reach the inner membrane and exert antimicrobial activity. Another action of SP-C in the host defence has been estab- During the last few years, lot of antimicrobial peptides could be identified that belong to the innate host defence molecules of several organisms, like protegrin-1 PGpresent in procine leukocytesthe frog Xenopus laevis 68 cecropins which are present in insect hemolymph and the pig intestines 69 SMAP-29 found in sheep leukocytes 70 , various types of defensins found in mammals, insects and plants 71 , and many more 72 . All these antimicrobial peptides have common features, viz., they are cationic and amphipathic molecules with 16-40 residues, but a few smaller peptides with 11-13 residues have also been described 73 . Some of these molecules, like defensins and protegrins, contain disulfide bonds also, such as SP-B 74 . They all act in the same way on the membranes of a wide range of bacteria to exert their antimicrobial actions. Bacterial membranes abundantly contain negatively charged lipids such as phosphatidylglycerol, cardiolipin and lipopolysaccharide LPS which enhance the membrane binding efficiency of these peptides. The peptides can form pores and in some cases they increase the permeability of the bacterial inner and outer membranes. The initial interactions of some cationic peptides with gram-negative bacteria involve binding to surface LPS. The peptides can displace the divalent cations, essential for outer membrane integrity. Consequently, they can distort the outer membrane bilayer 75 . In case of gram-positive bacteria, the peptides interact with the cytoplasmic membrane and disrupt their structure. This can dissolve the proton motive force and the leakage of essential molecules, eventually leading to cell death 76 . Synthetic peptides used in the study, SP-B 1-25 and SP-C ff , have the common features of the aforementioned antimicrobial peptides such as the positive charge and amphipathic nature. Therefore, it is possible that they would interact in the same way with the bacterial membrane like the antimicrobial peptides. Comparison of membrane interactions of model peptides has shown that electrostatic interactions with anionic lipids that dominate over the peptide secondary structure in interactions with bacterial membranes. Only when the model peptides possess the same charge, strength of the interaction depends on its secondary structure 77 . This could be the reason for the observed lower potency of SP-C ff peptide to inhibit the growth of E. coli. Compared to the SP-B 1-25 peptide, SP-C ff peptide possesses one less positive charge. Studies have shown that the hydrophobic pulmonary proteins SP-B and SP-C exhibit antimicrobial activity and are able to inhibit the growth of E. coli in vitro. The synthetic protein analogs have the same impact that makes it possible to develop new antimicrobial drugs to treat infections in the lung. Several studies with synthetic analogs of SP-B and SP-C have established that they are also able to mimic the biophysical properties of the native proteins 19 . Therefore, the synthetic peptides could potentially substitute the function of native SP-B and SP-C in synthetic surfactant preparations.
Conclusion
In the pursuit of having potential antimicrobial drug candidate, antimicrobial peptides AMPs have now become interesting to the scientific community. The cationic charge, amino acid composition, low propensity and favourable three dimensional structure of the AMPs allow them easily to attach to the membrane bilayer leading lethal disruption of the membrane. Overall, the physico-chemical properties of AMPs make them good drug candidates. This study enlightens the effects of SP-B/-C, SP-B 1-25 and SP-C ff on bacterial in vitro growth kinetics. In addition, the microscopic study at nano-resolution and in vitro growth kinetic study combined suggest a paradoxical bactericidal effect of the hydrophobic LS-protein and peptides. More to the point, the in silico approach using ambiguous peptide docking algorithms propose a possible mode of action through disruption of membrane surface proteins, essential for bacterial survival. However, further study is needed to understand the exact bactericidal mode of action of the hydrophobic L6S-proteins and peptides.
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